The com pounds Zn(btsc)2Cl2 and Cd(btsc)2Br2 are isostructural and crystallize in the space group P 2j/«. The crystal structure o f the chlorine derivative has been resolved by single-crystal X-ray diffraction. The zinc centre is in a slightly distorted tetrahedral environment. There are intra and intermolecular hydrogen bonds.
Introduction
The effect of metal ions in prom oting certain cyclization or condensation reactions has been re cognized for a very long time. The use o f a metal template is a common procedure for the synthesis of m ultidentate ligands.
The metal may play less obvious roles in tem plate processes. For example, it may m ask or acti vate individual functional groups or influence the reaction in other ways not directly related to the more readily defined steric influences inherent in the template effect [1] .
The polydentate donating character o f thiosemiand semicarbazone derivative ligands has been established by means o f spectroscopic [2] and sin gle crystal X-ray diffraction methods [3] , Tetrahedral as well as octahedral zinc(II) com plexes of the parent thiosemicarbazide and thiosemicarbazone, in which the ligands are know to be bidentate, have been reported [4] , Although both 'H and 13C N M R spectra have been used in the detection of coordination activity, the former is rarely successful owing to the diffi culty o f evaluating the contribution of the thioamide group anisotropy to the chemical shift [5] , The application of 13C N M R spectra in the detection of coordination activity is more encouraging with the carbon atom s of the thione groups moving to high fields when the sulphur is coordinated [6] .
We now report the comparative study of oxygen and sulphur semicarbazide derivatives with zinc, cadmium, and mercury dihalides.
Experimental
Semicarbazide hydrochloride, thiosem icarba zide, 4-acetylpyridine, benzaldehyde and metal halides were commercial products of highest chemical grade. Solvents were purified and dried according to standard procedures.
4-Acetylpyridinethiosemicarbazone (4-aptsc) and benzalthiosemicarbazone (btsc.H20 ) ligands were prepared according to ref. [7] ,
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The 4-acetylpyridinesemicarbazone was not iso lated by the standard method. The product reac tion of 4-acetylpyridine with semicarbazide is ac cord with 4-acetylpyridinesemicarbazide (4-ap • sc) without condensation.
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Complexes o f 4-acetylpyridinethiosemicarbazone (4-aptsc) and benzalthiosemicarbazone (btsc.H 20 )
These metal complexes were synthesized by a general method. A hot EtOH solution of metal halide (20 mmol) was added to a hot EtOH solu tion of the ligand (40 mmol) with continuous stir ring. The precipitate formed was removed by fil tration, washed with EtOH and dried in vacuo at room tem perature. C, H and N analysis were made using microanalytical techniques.
Complexes o f 4-acetylpyridine and semicarbazide (4-ap-sc)
Two different methods of synthesis were used: a)
One set of com pounds was synthesized with the general procedure of the sulphur derivatives from the reaction of (4-ap • sc) with zinc, cadmium and mercury halides, in which the metal acts as "tem plate" in the ligand condensation removing the water molecule in all them, except the zinc io dide derivative. These complexes are derived of 4-acetylpyridinesemicarbazone (4-apsc). b) A new series of complexes was obtained when a ZnX 2 (X = Cl or Br) (2.5 mmol) solution in ethanol was added to a hot ethanol solution of semicarbazide hydrochloride (5 mmol) and so dium acetate (10 mmol) with continuous stirring. After several hours 4-acetylpyridine (5 mmol) was added to the solution dropwise. The precipitate formed was removed by filtration, washed and dried in vacuo. These com pounds have a metal halide/4-ap/sc ratio 1/2/2, with the two moieties (4-acetylpyridine and semicarbazide) whithout condensation in the complexes.
Elemental analyses for C, H and N were carried out using a Perkin-Elmer 2400 CHN Elemental Analyser. Infrared spectra were recorded of KBr pellets plates on a Perkin-Elmer 683 spectrophoto meter (4000-200 cm -1). Conductivity measure ments were carried out in dimethylformamide (D M F) {ca. 10"3M) using a M etrohm Herisau, model E-518 conductimeter. The N M R spectra were recorded on a Bruker WH 200 spectrometer system with TMS as the internal standard.
X-ray structure determ ination. A summary of the fundam ental crystal data is given in Table I . A prism atic colourless crystal was mounted on a four-circle diffractometer. The cell dimensions were refined by least-squares methods to the Bragg angles of 25 reflections.
The intensities were corrected for Lorentz and polarization effects. Scattering factors for neutral atom s and anom alous dispersion corrections for Zn, Cl and S were taken from the International Tables for X-Ray Crystallography [8] . The struc ture was solved by Patterson and Fourier m eth ods. An empirical absorption correction [9] was applied at the end o f the isotropic refinement.
The final refinement was made with anisotropic therm al param eters for the non-hydrogen atoms and fixed isotropic thermal param eters and coor dinates for the H atoms.
M ost of the calculations were carried out with the X-Ray 80 system [10] .
Results and Discussion
The reactions o f these bases with zinc, cadmium and mercury halides yield different types of com plexes depending on the mode of preparation, the metals and the ligands. The complexes are soluble in D M F and DM SO and insoluble in other com m on organic solvents.
Analytical data, melting points, colours and conductivities of the products are given in 
Complexes o f 4-aptsc with zinc, cadmium and mercury halides
The 'H and 13C N M R spectra are used in an a t tempt to distinguish between the possible coordi nation modes. Some relevant chemical shift data and their assignments are presented in Table III .
The most significant signals in 13C N M R are re lated with atoms next to the donor sites, C-2 and C-6 of pyridine ring, C-7 (C = N imino) and C-9 (C = S). The 'H N M R spectrum of 4-aptsc shows a set of best defined signals, a singlet at 10.46 ppm corresponding to the protons o f the N -H group. A doublet of doublets at 8.57 and 8.55 ppm may be assigned to the protons 2 and 6, the signals at 8.49 and 8.17 ppm to the protons o f the N H 2 thioamide group. The protons at position 3 and 5 appear as a doublet of doublets at 7.90 and 7.87 ppm and the ketonic methyl group is assigned to a singlet at 2.28 ppm. The signals assigned to N -H protons disappeared on deuteration.
An accurate interpretation o f the IR spectrum of 4-aptsc is difficult due to the various N -H groups, the thioamide moiety and the pyridine bands. The highest frequency band at 3370 cm -1 can be assigned to vas(N -H ) of the terminal N H 2 group. The broad strong band centered at 3180 cm -1 may be due to vs(N -H ) and stretching of the N -H group. The absorption maxima around 1515, 1430, 1215 and 855 cm -1 have been assigned to thioam ide I, II, III and IV, respectively.
A very strong peak at 1595 cm -1 has been as signed to the mode v(C = C + C = N) from the pyridyl substituent.
O ther indicative bands of the pyridine ring are the breathing (1000 cm -1) and in-plane pyridine ring deform ation 16a (645 cm -1) and out-of-plane ring deform ation 16b (415 cm "1) [11] .
The absence of v(C = 0 ) band in the IR spectrum and the l3C N M R signal support the total conden sation of 4-acetylpyridine with thiosemicarbazide to obtain 4-acetylpyridinthiosemicarbazone (4-aptsc).
The N M R spectra of representative complexes were also examined in order to confirm our other spectral findings, as well as to ascertain the changes that occur in the ligand's spectrum upon complexation.
Relative to the 'H N M R spectra, the 13C shifts tend to be more influenced by the conform ational changes of the carbon backbone on coordination to Zn(II), Cd(II) or Hg(II) than by the small elec tronic effects associated with attachm ent of the diamagnetic metal ions [12] .
A 13C N M R study of zinc complexes shows chemical shifts for the C-2 and C-6 atoms of the pyridine ring and C-7 (C = N) atom and a negligi ble shift for the C-9 (C = S) signal indicating the absence of coordination through sulphur. 
I3C and 'H N M R data for 4-aptsc and som e complexes (S ppm).
Direct inform ation in the IR spectrum would be obtained from the displacements to higher wave numbers upon complexation of the following bands arising from the pyridine ring: a coupled mode of C = N and C = C stretching (1 0 -1 5 cm "1), in-plane C -H bending (5 -2 5 cm -1), ring breath ing (2 5 -3 0 cm "1) and the plane ring deform ation (10 cm "1) [13] . The data obtained for zinc com plexes dem onstrated the coordination o f 4-aptsc through the pyridine nitrogen atom.
Among the other bands, the v(NH2) is nearly unaffected in the complexes. This means that the ligand is not bonded to the metal through the thioam ide nitrogen atom. The shift in v(NH2) re sults from a com bination of factors including elec tronic changes within the molecule upon coordina tion as well as hydrogen-bonding effects.
F or the cadmium complexes not only the N M R spectra but also the IR ones are different from those discussed before.
The largest complexation shift observed here is for the C-9 (C = S) resonance o f the thioamide group. This leads to conclude that the N-pyridine atom is not involved in coordination. This is con sistent with the 'H N M R results.
The thioamide bands in IR spectra which show most significant changes upon coordination are the IV and II bands. The thioamide IV band has a m ajor contribution from C = S stretching and ex hibits negative shifts ranging from 10 bis 25 cm "1; the complexation shift for the thioamide II band arising from a coupled mode o f (5(NH) + v(CN) is much larger (30 c m '1). These observations are consistent with the coordination o f cadmium through the sulfur atom o f thioamide group and the absence of coordination through N-pyridine.
The significant shifts o f C-9 (C=S) and C-7 (C = N) resonances in mercury complexes are es sential for the determ ination of donor centers and indicate nitrogen coordination of the azomethine group and sulfur of thioamide moiety [14] . The IR data are in agreement with these coordination do nor sites.
In the both complexes studied N M R and IR data indicate that the mercury is coordinated to 4-aptsc through both sulfur and imino nitrogen atoms, whereas in cadmium complexes, 4-aptsc is bonded only through the sulfur atom and in zinc derivatives through pyridine nitrogen atom .
Complexes o f 4-acetylpyridine and semicarbazide with zinc, cadmium and mercury halides
The 'H and 13C N M R data o f (4-ap • sc) and two significant compounds are shown in Table IV . The 13C NM R spectrum of (4-ap sc) exhibits two peaks at 156.32 and 149.32 ppm (Fig. la ) assigned to two different carbonyl groups. This is supported Two sets (a and b) of com pounds o f (4-ap sc) and zinc, cadmium and mercury halides have been obtained.
a) The l3C N M R spectra exhibit a unique C = 0 signal at 157.09 ppm and a new one at 146.78 ppm assignable to a carbon imino atom (Fig. 1 b) , indi cating possible condensation of 4-acetylpyridine with semicarbazide (4-apsc). This fact is supported by the IR spectra with only one sharp band at 1670 cm " 1 of a (C = 0 ) stretching vibration (amide I) and a broad band centered at ca. 1585 cm *1 with a shoulder at 1605 cm " 1 in which there are the var ious v(C = N) vibrations (imino and pyridino) and other associate vibrations like v(C=C). The study of the characteristic bands of pyridine is points at a nitrogen ring atom participation on coordination to metal atom, except for the HgCl2 complex that shows significant differences, namely a set of new bands assignable to v(OH), <S(H20 ), £r(H20 ) and £w(H20 ) at 3490, 1640, 800 and 645 cm -1 respec tively, characteristic bands of coordinated water [ 11] . b) These com pounds without "template effect" in 13C N M R spectra show characteristic signals at 156.76 and 150.20 ppm of two carbonyl groups with total absence o f a C = N signal (Fig. lc) . The higher range of IR spectra shows several bands which may be assigned to different N H 2 groups, NH and intra/inter molecular hydrogen-bonding. The appearance o f two strong bands at ca. 1705 and 1690 cm " 1 associated to different ketonic groups and the absence of any v(C = N) imino band supports the non-condensation of 4-acetylpyridine and semicarbazide in the complexes. An unambig uous conclusion is not possible, however, the shift to lower frequency of the v(C = 0 ) (amide I), its weakness, the strength of 6a and 16b pyridine bands an the strong band at 1600 cm -1 suggest coordination through the nitrogen ring atom and the amido group.
Complexes o f benzalthiosemicarbazone ( btsc )
The ( We have been able to grow good crystals for X-ray analysis of the species [Zn(btsc)2Cl2] and [Cd(btsc)2Br2].
The geometry proposed for Zn(btsc)2Cl2 on the basis of spectroscopic data has been confirmed by a single-crystal X-ray study. Figure 2 shows an ORTEP [15] view of the molecule and Tables V and VI summarize, atomic param eters and signifi- We thank the D irection General de Investiga tion Cientifica y Tecnica (Spain) for finicial sup port (project PB 87-0125) and also thank Dolores Ramirez de Coca for recording the IR spectra in the Instituto de Edafologia del C.S.I.C. de M a drid.
